Abstract-Scheduling schemes provide efficient support of multimedia services in multi-user MIMO OFDM wireless networks. In cellular systems the base station transmits a signal intended for single user in a particular resource allocation. The efficient utilization of available bandwidth in a system essential in modem wireless systems such as video streaming and voice over internet protocol(VoIP), which demands for higher data rates. Since the user feedback the channel state information in the network, base station to schedule the more than one user data in a single resource allocation. For properly utilizing the feedback information, scheduling algorithms are designed which select pairs of users which would maximize system capacity. In this paper, We describe and compare the scheduling algorithms to improve the system capacity and fairness among the users proposed for the 3GPP Long term evolution (LTE) systems.
I. INTRODUCTION
As the demand for high data rate application like video and audio streaming, VoIP, video conferencing are increasing, future wireless systems should be able to provide high speed broadband services for mobile users with sufficient quality of services (QoS) support. As the bandwidth and power are scarce or limited resources, techniques which lead to efficient utilization of these resources are quite necessary in the next generation wireless systems. At the same time the wireless channel creates a challenging environment because of variety of channel impairments. Thus, future wireless systems are to be designed taking all these factors into consideration.
MIMO systems which employ multiple antennas at transmitter and receiver is a very useful technique in wireless environments to combat the effect of fading and to use the radio channel efficiently by transmitting multiple streams to a user in the same resource allocation, thus achieving diversity gain and multiplexing gain, which is the first in achieving high spectral efficiencies [1] - [3] . Krishna Orthogonal frequency division multiplexing (OFDM) has long been regarded as an efficient approach to mitigate the effect of inter-symbol interference (ISI) in frequency-selective channels by dividing the entire channel into many narrow parallel subchannels [4] .Therefore the combination of these two technologies, which is called MIMO-OFDM, is an efficient way for providing high data rate reliable communications [5] .
For a large number of users to be served in one cell, high capacity gains can be achieved by transmitting independent data streams to different users sharing the same time-frequency resources. This technique is referred to multi-user multipleinput multiple-output (MU-MIMO) [2] .It is one of the techniques which can be used in cellular systems to increase spectral efficiency. In MU-MIMO operation two or more user environment's (UE) or mobiles share the same time frequency resources. Several parallel data streams are transmitted simultaneously, one for each UE. It is assumed that the UE feedback a quantized version of the observed channel, so that the base station (BS) can schedule in MU-MIMO mode terminal with good channel separation.
II. OVERVIEW OF LTE FRAME STRUCTURE AND CQI

FEEDBACK
In LTE, ten 1 ms sub frames compose a 10 ms frame. Each sub frame divides into two slots. In the time domain the LTE transmissions are organized into frames of 10 msec length. Each frame is composed of 10 sub frames of 1 msec duration. Each sub frame is made up of two equal sized slots of 0.5 msec each. Each slot is composed of 7 or 6 OFDM symbols depending upon whether a short or long Cyclic Prefix (CP) has been used. In the case of a short CP the CP has duration of 5.21µsec for the first symbol and 4.69 µsec for the remaining 6 symbols such that the total slot duration is 0.5 msec. For the long CP the CP has duration of 16.67 µsec for all 6 symbols. The useful symbol duration is fixed at 66.67 µsec. In the frequency domain the subcarriers are spaced at 15 kHz giving a useful symbol duration of 1/15000=66.67µsec after the IFFT operation. A group of 12 subcarriers (12*15=180 kHz) over one time slot (0.5 msec) is referred to as a Resource Block (RB). With 1200 subcarriers available over a 20 MHz bandwidth the LTE transmitter has 100 RBs available over one time slot. The smallest unit of resource is termed as the Resource Element which is composed of one subcarrier and one OFDM symbol. Thus an RB has 12×7=84 and 12×6=72 Resource Elements for short and long CP respectively. Channel Quality Indicator (CQI) Feedback: The CQI is a 4-bit value that indicates an estimate of the modulation and coding scheme (MCS) that the UE can receive reliably from the BS. It is typically based on the measured received signal quality, which can be estimated, for example, using the pilots sent by the BS on the downlink.
III. SYSTEM MODEL
We consider the downlink of a wireless cellular system based on OFDM with Nc sub carriers. The BS has M transmitting antennas and N receiving antennas. If U user are waiting to be scheduling at the BS, the scheduler will determine K(<U) users according to scheduling algorithm and feedback sent by the MSs. At the same time scheduler will select a precoding matrix W from the codebook to precode for the scheduled K user before transmission. The received signal at the k th MS is given by:
.xk is the complex symbol transmitted for the kth user, Hk is the NXM wireless matrix from the kth MS to BS. W is the precoding matrix from the codebook to pre code the scheduled K users before transmission and nk is the noise vector at the kth MS.
Fig. 2 MU-MIMO System
A. MMSE Receiver:
For traditional MIMO detection a linear receiver is used to detect the transmit data. ZF (zero forcing), MMSE and MRC detection criterions are commonly employed. In order to obtain good performance, We consider a linear MMSE receiver will try to reduce the MSE between the desired and estimated symbols. The linear 1X N MMSE receiver b1 to detect 1 st user data can be expressed as: 
and * indicates conjugate transpose operation. The final expression for MMSE filter is written as:
B. Feedback Mechanism:
Feedback information is sent every frame. Feedback at a subscriber level is not feasible since it would require a high capacity feedback link. We use sub band level feedback. Where each user returns 1) PVI and 2) CQI information for every subband.This PVI selection is made such that it represents the best choice of precoding vector from the precoder used for the given sub band. The CQI estimate that is feedback is averaged over all sub bands in sub band.
C. CQI Calculations
Let us calculate the CQI of the 1 st user. The estimated symbol at the th k MS can be written as:
Where 1 b is MMSE receiver vector. Assuming the total power P is divided equally among all K users, expression for signal(S), interference (I) and noise power (N) of 1 st user is calculated as follows:
Here . indicates norm of the vector. Since noise is assumed to be Gaussian distributed.
Capacity of 1 st user 1 C can be calculated from shannon's capacity theorem as:
After calculating all individual capacities, the sum capacity can be calculated by adding individual capacities.
D. Scheduling Algorithms
In wireless networks classical access method like Round Rabin(RR) and Random access (RA) are not well suited and provide poor throughput. Consequently much interest has recently been given to the design of scheduling schemes that maximize the performance of multiuser OFDM systems. In the following, we focus on the three major scheduling techniques that emerged: Round Robin algorithm (RR), Maximum Signal-to-Noise Ratio (MaxSNR), Proportional Fair (PF) scheduling and BABS algorithm.
1) Round Robin Algorithm:
Round Robin (RR) is one of the simplest scheduling algorithms, which assigns time slices to each MS in equally portions and in order, handling all MSs as having the same priority. RR scheduling is both simple and easy to implement, and starvation-free.
The main reason for this algorithm does not take into account the changing reception conditions at the different receivers .RR algorithm does not take into account multiuser diversity and thus it will schedule transmissions to/from subscribers half of the time when their reception conditions are worse than average [7] . Where U is the total number of mobiles. Profiting of multiuser and bandwidth granularity, MaxSNR continuously allocates the radio resources to the mobiles with the best spectral efficiency. However MaxSNR assumes that the user with the most favorable transmission conditions has information to transmit at the considered time instant. It does not take into account the variability of the traffic and the queuing aspects. Additionally, a negative side effect of this strategy is that the closest mobiles to the access point have disproportionate priorities over mobiles more distant since their path loss attenuation is much smaller. This results in a severe lack of fairness.
2) Maximum Signal-to-Noise
3) Proportional Fair (PF) scheduling:
The PF scheduler is designed to take advantage of multiuser diversity while maintaining comparable long-term throughput for all users. The basic principle is to allocate resources to a mobile j when its channel conditions are most favorable with respect its time average such as
Thus consistently underserved users receive scheduling priority, which promotes fairness. The parameter c t controls the latency of the system. If c t is large, the latency increases, with benefit of higher sum throughput. If c t is small, the latency decreases, since the average throughput values change more quickly, at expense of some throughput. At a short time scale, path loss variations are negligible and channel states in formations are mainly due to multipath fading, statistically similar for all mobiles. Thus, PF provides an equal sharing of the total available bandwidth among the mobiles as RR. Actually, PF combines the advantages of the classical schemes and the opportunistic schemes. It currently appears as the best bandwidth management scheme.
In PF-based schemes, fairness consists in guaranteeing an equal share of the total available bandwidth to each mobile, whatever its position or channel conditions. However, since the farther mobiles have a lower spectral efficiency than the closer ones due to path loss, all mobiles do not all benefit of an equal average throughput despite they all obtain an equal share of bandwidth.
In particular PF scheduling does not take into account the delay constraints and is not well adapted to multimedia services which introduce heterogeneous users, new traffic patterns with highly variable bit rates and stringent QoS requirements in terms of delay and packet loss.
4) BABS Algorithm: Band Assignment based on SNR (BABS) algorithm.
The implemented BABS algorithm works as follow: At first each user get mk subcarriers according to their rate requirements, if the sum of the whole sub-carriers allocated does not fill with the available bandwidth, we have to 1. Remove sub-carriers from users who are demanding fewer sub-carriers.
2. Add sub-carriers to users according to the SNR. In order to make relevant comparisons with the other algorithms, fix power at the BS is used .So the BS simply distributes the transmission power equally among the subcarriers without taking advantage on power control.
In [8] , this algorithm is shown to converge to the distribution of sub-carriers among users and the function f(r) is explained more accurately.
BABS Algorithm flow chart:
k=0…..K-1.
While do
End while RR algorithm allocates all sub-carries to one user at each time slot, so this policy is totally fair. In this scenario we cannot notice the differences between max.SNR (see.Fig3) and PF scheduling (Fig 3) policies on allocating resources because all users have the same channel response average. But we can notice that RCG (BABS) allocates more sub-carrier to users. Than other scheduling algorithms, reason is because only this algorithm takes into account rate requirements by users.
A. Scenario A: Equal Users
As we can see in Fig3, all the users simulated have the same channel response average. In Fig3, the scheduler scheme is showed according to four different scheduling policies. As we can see in Fig3 (a), RR algorithm allocates all sub-carriers to one user at each time slot, so this policy is totally fair. In this scenario we cannot notice the differences between Max Rate (see Fig3. (b) and PFS (see Fig3(c) policies on allocating resources because all users have the same channel response average. But we can notice that RCG allocates more subcarriers to user A than other scheduling algorithms, the reason is because only this algorithm takes into account rate requirements by users and user A is transmitting video and this services needs more amount of data than other services, so user A needs more sub-carriers than other users. 
B.Scenario B: Un-Equal Users
As we can see in Fig.4 , the user A (red) is nearer to the BS than the other users because the channel A is stronger than others. In this scenario RR algorithm (see Fig:4 (a) ) takes the same scheduler scheme that the previous scenario, it allocates system resources to one user at each time slot. When users have not the same channel response average, we can notice the differences between Max Rate and PFS on scheduling resources and the different PFS scheduler scheme when c t parameter changes. As we can see in Fig:4. (b) , almost all subcarrier are allocated to user A because of channel strength and the same results are achieved with PFS policy when c t parameter is high (see Fig: 4 (c) ). The larger c t parameter, the unfairer PFS is. RCG policy maintenances the index fairness because RCG allocates sub-carriers based on rate requirements and the users' average SNR. V. CONCLUSION -MIMO is a promising technique which allows more than one user that can be served in each sub-carrier. Optimum number of users can be scheduled in a data region to achieve maximum sum capacity, which is equal to minimum number of antennas at the base station and the mobile station. The sum capacity increases linearly with SN R (dB) when number of users paired is not greater than minimum of the number of antennas at the BS and MS. In addition, we observe that as the number of user's increases, the sum capacity decreases.
